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Abstract
In this article we probe the proposed holographic duality between T T¯ deformed two
dimensional conformal field theory and the gravity theory of AdS3 with a Dirichlet cutoff
by computing correlators of energy-momentum tensor. We focus on the large central
charge sector of the T T¯ CFT in a Euclidean plane and in a sphere, and compute the
correlators of energy-momentum tensor using an operator identity promoted from the
classical trace relation. The result agrees with a computation of classical pure gravity
in AdS3 with the corresponding cutoff surface, given a holographic dictionary which
identifies gravity parameters with T T¯ CFT parameters.
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1 Introduction
The T T¯ deformation of two dimensional quantum field theory has received intensive study
in the past few years. As an irrelevant deformation, it leads to well-defined, albeit non-
local, UV completion. In fact, it is a solvable deformation in many senses. It preserves
integrability structures [1][2], deforms the scattering matrix by multiplying CDD factors [3][4],
possesses solvable deformation of finite size spectrum [3][5] and preserves modular invariance
of conformal field theory torus partition function [6][7]. The non-locality and solvability of the
T T¯ deformation can be understood from a different perspective by reformulation to random
geometry [8], which also neatly derives the flow equation of the partition function. In addition,
the T T¯ deformation can be re-interpreted as coupling to Jackiw-Teitelboim gravity of the
quantum field theory, which leads to the same flow equation of the partition function and
CDD factors of the scattering matrix [4][9]. While much of the work on the T T¯ deformation
has been done in the flat Euclidean plane or its quotient spaces such as cylinder and torus,
the case for maximally symmetric spaces was considered in [10]. Further generalization to
generic curved spaces was studied in [11][12], which has remarkably reproduced lots of result
of previous study.
For a holographic CFT2, it’s natural to ask what the holographic dual of its T T¯ deformation
is. It was proposed by Mezei et al. [13] that for positive T T¯ deformation parameter the
holographic dual is a Dirichlet cutoff in the AdS3 gravity, based on computation of signal
propagation speed, quasi-local energy of BTZ blackhole and other physics quantities. It
was followed by study on holographic entanglement entropy [14][15][16][17][18][19][20], and
generalization to higher or lower dimensions[21][22][23][24][25]. In addition, which inspired
our work, the proposal was examined by holographic computation of correlators of energy-
momentum tensor in [26]. It was found that the large central charge perturbative correlators
in T T¯ CFT2 agree with correlators in cutoff AdS3 of classical pure gravity given a holographic
dictionary that identifies gravity parameters with T T¯ CFT parameters. But additional non-
local double trace deformation must be supplemented to the T T¯ deformation to reproduce
correlators of scalar operators dual to matter fields added to gravity, in line with the general
discussion of bulk cutoff in [27][28]. The possible limitation of the Dirichlet cutoff picture was
echoed in [29], which showed that in the large central charge limit the holographic dual of
T T¯ CFT2 in the Euclidean plane is in general AdS3 gravity with mixed boundary condition,
and only for pure gravity the mixed boundary condition can be reinterpreted as Dirichlet
2
boundary condition at a finite cutoff, taking the original form proposed by Mezei et al..
This article is to a large extent a follow-up of [26], and [30] which computed the correlators
of the T T¯ CFT in a Euclidean plane beyond leading order in the large central charge limit.
We start in Section 2 by a brief review of T T¯ deformation which highlights a trace relation
formula. In Section 3 we promote the trace relation to an operator identity and compute
in the large central charge limit the correlators of energy-momentum tensor for T T¯ CFT in
a Euclidean plane, a sphere and a hyperbolic space. In Section 4 we compute correlators
of energy-momentum tensor in classical pure gravity in AdS3 with a Euclidean plane or a
sphere as the cutoff surface, and an agreement is found given a dictionary between T T¯ CFT
parameters and gravity parameters. In Section 5 we summarize our result and discuss related
questions and possible directions of further research.
2 T T¯ deformation and trace relation
The T T¯ deformation with the continuous deformation parameter µ is defined by a flow of
action in the direction of T T¯ operator
dS
dµ
=
∫
dV T T¯ (2.1)
The T T¯ operator is a covariant quadratic combination of energy-momentum tensor 1
T T¯ =
1
8
(T ijTij − T ii 2) (2.2)
where the energy-momentum tensor is defined in the convention
δS =
1
2
∫
dV T ijδgij (2.3)
It was shown in [5] that the composite T T¯ operator has an unambiguous and UV finite
definition modulo derivative of local operators by limit of point splitting
T T¯ (x) = lim
y→x
1
8
(T ij(x)Tij(y)− T ii (x)T jj (y)) (2.4)
for quantum field theory in the Euclidean plane with a conserved and symmetric energy-
momentum tensor. This point splitting definition can be generalized to maximally symmetric
1Here we follow the normalization of T T¯ operator in [13] and [14].
3
spaces by carrying over Zamolodchikov’s argument, but it was found that the factorization
property of the expectation value
〈T T¯ 〉 = 1
8
(〈T ij〉〈Tij〉 − 〈T ii 〉2) (2.5)
is lost in general [5][10].
We refer interested readers to Jiang’s note [31] and other references for many interesting
properties of T T¯ CFT. Here we focus on the trace relation crucial for computation in the
following sections
T ii = −2µT T¯ (2.6)
When regarded as a classical field equation it was discovered in free scalar theory [3], and was
later proved for T T¯ CFT2 in generic curved spaces in [11]. Actually, we have a very basic
argument for theories with Lagrangian density L as an algebraic function of the metric. 2 For
these theories, the energy-momentum tensor takes the form
Tij = gijL − 2 ∂L
∂gij
(2.7)
and we have the T T¯ flow equation for the Lagrangian density
∂µL = T T¯ = 1
8
(T ijTij − T ii 2)
=
1
4
(−L2 + 2Lgij ∂L
∂gij
+ 4gikgjl
∂L
∂gij
∂L
∂gkl
− 4gijgkl ∂L
∂gij
∂L
∂gkl
) (2.8)
And the trace relation takes the form
µ∂µL+ L − gij ∂L
∂gij
= 0 (2.9)
Taking derivative of the equation above with respect to µ and using (2.8) we get
∂µ(µ∂µL+ L − gij ∂L
∂gij
) = −1
2
L(µ∂µL+ L − gij ∂L
∂gij
) +
1
2
gij
∂L
∂gij
(µ∂µL+ L − gmn ∂L
∂gmn
)
+
1
2
Lgij ∂
∂gij
(µ∂µL+ L − gmn ∂L
∂gmn
) + 2gikgjl
∂
∂gij
(µ∂µL+ L − gmn ∂L
∂gmn
)
∂L
∂gkl
− 2gijgkl ∂
∂gij
(µ∂µL+ L − gmn ∂L
∂gmn
)
∂L
∂gkl
(2.10)
2Free scalar falls into this category.
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The trace relation holds at µ = 0 as a paraphrase that the energy-momentum tensor in
CFT is traceless. By the first order differential equation above it must hold for all µ. For
quantum theory we expect quantum corrections to the trace relation, it depends on how T T¯
deformation is defined for quantum field theory in curve spaces. 3 In our work we assume
it holds as an operator identity within connected correlators, at least in the large central
charge limit, and the T T¯ operator is given by the point splitting definition since we work in
maximally symmetric spaces.
3 Correlators of energy-momentum tensor of T T¯ deformed CFT2 in
the large central charge limit
In this section we use the trace relation (2.6) to compute the correlators of energy-momentum
tensor in the large central charge limit, a limit of large degrees of freedom similar to the
large N limit in gauge theory. More precisely it’s a limit with a large central charge c of
the undeformed CFT, but a finite µc where µ is the T T¯ deformation parameter. A detailed
discussion of the large c limit can be found in [30]. Inspired by the work in [26] and [30], we
first compute up to four point correlators of energy-momentum tensor for T T¯ CFT in the two
dimensional Euclidean plane E2. Then we consider T T¯ CFT in the two dimensional sphere
S2 and the two dimensional hyperbolic space H2 to compute up to three point correlators.
3.1 Large c correlators of T T¯ CFT in E2
In principle, our apparatus to compute correlators of energy-momentum tensor in this section
are the trace relation, the conservation equation, dimensional analysis, Bose symmetry, CFT
limit and other physical considerations. The conservation equation of energy-momentum
tensor is
∇iTij = 0 (3.1)
It holds in a correlator except for contact terms, which plays no role if we only consider
correlators at distinct points. In the Euclidean plane the metric takes the form
ds2 = dzdz¯ (3.2)
3It takes the form of Wheeler-de Witt equation in the scheme of T T¯ in curved spaces as quantum 3D
gravity in [12].
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in the complex coordinates z, z¯ and the conservation equation is
∂z¯Tzz + ∂zTzz¯ = 0
∂z¯Tzz¯ + ∂zTz¯z¯ = 0 (3.3)
We have vanishing one point correlator
〈Tij〉 = 0 (3.4)
and it’s shown in [30] that two point correlators remain the same as in the undeformed CFT
in the large c limit 4 5 6
〈Tzz(w)Tzz(v)〉 = 〈T (0)zz (~w)T (0)zz (~v)〉(0) =
c
8pi2
1
(w − v)4
〈Tzz(w)Tzz¯(v)〉 = 〈T (0)zz (~w)T (0)zz¯ (~v)〉(0) = 0 (3.5)
It’s sometimes convenient to use the normalization of energy-momentum tensor in CFT
T = 2piTzz, T¯ = 2piTz¯z¯, Θ = 2piTzz¯ (3.6)
and the two point correlators now take the form
〈T (~w)T (~v)〉 = c
2
1
(w − v)4
〈T (~w)Θ(~v)〉 = 0 (3.7)
To compute the three point correlators, we start with 〈T (~w)Θ(~v)T¯ (~u)〉c where the superscript
c means connected correlators. 7 Using the trace relation 2.6 in the Euclidean plane
Tzz¯ = −µ
2
(TzzTz¯z¯ − T 2zz¯) (3.8)
4Here the superscript (0) on T indicates it’s the energy-momentum tensor in the undeformed CFT, and
the superscript (0) on the expectation value means it’s evaluated in the undeformed CFT, for example, by
path integral with the undeformed CFT action. By this convention we should add superscript like (µ) for the
energy-momentum tensor and the expectation value in the T T¯ deformed CFT with deformation parameter µ,
but we choose to omit it for simplicity of the text.
5For simplicity we omit correlators that can be simply inferred by symmetry, e.g. 〈Tz¯z¯(~w)Tz¯z¯(~v)〉 =
c
8pi2
1
(w¯−v¯)4 .
6A bit abuse of notation, we use the equality sign even if it’s only equal in the large c limit, because we
exclusively work in this limit.
7In the Euclidean plane, two and three point correlators are equal to the connected counterparts because
one point correlator vanishes.
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or
Θ(z) = − µ
4pi
(T (z)T¯ (z)−Θ(z)2) (3.9)
we get
〈T (~w)Θ(~v)T¯ (~u)〉c = − µ
4pi
〈T (~w)(T (~v)T¯ (~v)−Θ(~v)2)T¯ (~u)〉c (3.10)
Working in the large c limit in which connected correlators of energy-momentum tensor scale
as c, the correlator on the right hand side only contribute in the large c limit by factorization
into two correlators
〈T (~w)Θ(~v)T¯ (~u)〉c == − µ
4pi
〈T (~w)T (~v)〉c〈T¯ (~v)T¯ (~u)〉c = − µc
2
16pi
1
(w − v)4(v¯ − u¯)4 (3.11)
By the conservation equation ∂zΘ + ∂z¯T = 0, we get 〈T (~w)T (~v)T¯ (~u)〉c = − µc212pi ( 1(w−v)5(v¯−u¯)3 +
(w ↔ v)) modulo a holomorphic function in ~v. By Bose symmetry it must be holomorphic in
~w as well, then it cannot depend on ~u at all by translational symmetry, and in fact it has to
be zero. Here we list non-zero three point correlators
〈T (~w)T (~v)T (~u)〉 = c 1
(w − v)2(v − u)2(u− w)2
〈T (~w)Θ(~v)T¯ (~u)〉 = − µc
2
16pi
1
(w − v)4(v¯ − u¯)4
〈T (~w)T (~v)T¯ (~u)〉c = − µc
2
12pi
(
1
(w − v)5(v¯ − u¯)3 + (w ↔ v)) (3.12)
Here a clarification is needed. This result has been obtained in [26] as the leading order in µ
result, by using the trace relation to the leading order in µ. Later in [30] it was derived for
T T¯ free scalars as large c result, that is, c times arbitrary function of µc. Here we derive it as
large c result without assuming the specific model of the undeformed CFT, but we do assume
the operator identity promoted from the trace relation. In a similar way, we computed two
7
four point correlators
〈T¯ (~ζ)Θ(~z)T (~w)T (~v)〉c = −µ
4
〈T¯ (~ζ)(T (~z)T¯ (~z)−Θ(~z)2)T (~w)T (~v)〉c
= −µ
4
(〈T¯ (~ζ)T¯ (z)〉c〈T (~z)T (~w)T (~v)〉c + 〈T¯ (~ζ)T¯ (~z)T (~w)〉c〈T (~z)T (~v)〉c + 〈T¯ (~ζ)T¯ (~z)T (~v)〉c〈T (~z)T (~w)〉c)
= −µc
2
8pi
1
(ζ¯ − z¯)4(z − w)2(w − v)2(v − z)2
+
µ2c3
96pi2
(
1
(z − v)4(ζ¯ − z¯)5(z − w)3 +
1
(z − v)4(z¯ − ζ¯)5(ζ − w)3 + (w ↔ v))
〈Θ(~ζ)Θ(~z)T (~w)T (~v)〉c = µ
2
16
〈(T (~ζ)T¯ (~ζ)−Θ(~ζ)2)(T (~z)T¯ (~z)−Θ(~z)2)T (~w)T (~v)〉c
=
µ2
16pi2
(〈T¯ (ζ)T¯ (z)〉c〈T (ζ)T (w)〉c〈T (z)T (v)〉c + (w ↔ v))
=
µ2c3
128pi2
(
1
(ζ¯ − z¯)4(ζ − w)4(z − v)4 + (w ↔ v)) (3.13)
One can continue in this procedure to obtain higher point correlators, and it’s easy to see that
n point correlators are polynomial in µ of degree n− 2 as proved in [30].
3.2 Large c correlators of T T¯ CFT in S2 and H2
Now we study correlators of T T¯ CFT in a two dimensional sphere of radius r or a hyperbolic
space of radius r. In a maximally symmetric space, one point correlator of energy-momentum
tensor is proportional to the metric
〈Tij〉 = αgij (3.14)
The coefficient can be determined by the trace relation in vacuum expectation value supple-
mented by a trace anomaly term[14], and by using large c factorization, we get
〈T ii 〉 = −
µ
4
〈T ijTij − (T kk )2〉 −
c
24pi
R = −µ
4
(〈T ij〉〈Tij〉 − 〈T kk 〉2)−
c
24pi
R (3.15)
For sphere with radius r the scalar curvature is R = 2
r2
, we find
〈Tij〉 = 2
µ
(1−
√
1 +
µc
24pir2
)gij (3.16)
For hyperbolic space with radius r the scalar curvature is R = − 2
r2
, we find
〈Tij〉 = 2
µ
(1−
√
1− µc
24pir2
)gij (3.17)
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Higher point correlators are a bit more complicated in a curved space. They are multi-
point tensors based on the (co)tangent spaces at those points. Because the sphere and the
hyperbolic space are maximally symmetric, two point correlators must be maximally sym-
metric bi-tensors, that is, bi-tensors invariant under the stabilizer of the two points in the
isometry group, and covariant when the isometry moves the two points. Maximally symmet-
ric bi-tensor has been studied in [32] exactly in the context of tensorial two point functions,
and it has already been used in [33] to study correlators of energy-momentum tensor in max-
imally symmetric spaces. Recently it was reviewed in [10] to study expectation value of T T¯
operator in maximally symmetric spaces in general dimensions. Following their analysis and
assuming the energy-momentum tensor is traceless in connected correlators in the undeformed
CFT, we get two point correlators of undeformed CFT in S2 and H2. Details of computation
are left to the Appendix A. Two point correlators of energy-momentum tensor of CFT in S2
take the form
〈T (0)(~w)T (0)(~v)〉(0)c = c
2
1
(w − v)4 (3.18)
in the complex stereographic projection coordinates of the sphere 8 9 ,in which the metric is
ds2 =
r2dzdz¯
(1 + zz¯
4
)2
(3.19)
And two point correlators of energy-momentum tensor of CFT in H2 take the form
〈T (0)(~w)T (0)(~v)〉(0)c = c
2
1
(w − v)4 (3.20)
in the complex Poincare disk coordinates of the hyperbolic space, in which the metric is
ds2 =
r2dzdz¯
(1− zz¯
4
)2
(3.21)
For T T¯ CFT in S2 and H2, we can use trace relation to show the energy-momentum tensor
is traceless in connected two point correlators in the large c limit, so the analysis in Appendix
8In terms of the usual spherical coordinates, it is z = 2 cot θ2e
iφ z¯ = 2 cot θ2e
−iφ. Similar to the spherical
coordinates, the stereographic projection coordinate patch misses one point of the sphere. That’s remedied
by imposing appropriate regularity condition of physics quantities as |z| → ∞.
9We are using similar normalization as in E2, that is, T = 2piTzz, T¯ = 2piTz¯z¯, Θ = 2piTzz¯.
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A can be carried over to show two point correlators are determined up to a factor as a function
of µ
〈T (~w)T (~v)〉c = c
2
f(µ)
1
(w − v)4 (3.22)
for S2 and
〈T (~w)T (~v)〉c = c
2
g(µ)
1
(w − v)4 (3.23)
for H2. For S2, the factor can be determined by using the one point correlator of energy-
momentum tensor in the replica sphere obtained in [14] to compute Renyi entropy of antipodal
points
〈Tφφ〉(n) = 2r
2 sin2 θ
µ
(1− 1 +
µc
24pir2√
1 + µc
24pir2
+ µc
24pir2
( 1
n2
− 1) 1
sin2 θ
) (3.24)
Taking a variation in n, the replica number, which can be viewed as a variation of the metric,
we have
∂
∂n
〈Tφφ(~x)〉(n) = −
∫ √
g(n)(~y)d
2~y〈Tφφ(~x)Tφφ(~y)〉c(n)gφφ(n) (3.25)
Setting n = 1 we return to the regular sphere, and by plugging in Tφφ = −z2Tzz− z¯2Tz¯z¯ we get
− c
12pi
√
1 + µc
24pir2
= −
∫
r2
(1 + yy¯
4
)2
i
2
dy ∧ dy¯〈(z2Tzz(~x) + z¯2Tz¯z¯(~x)(z2Tzz(~y) + z¯2Tz¯z¯(~y)〉c
(1 + yy¯
4
)2
r2yy¯
(3.26)
With the known correlator 〈T (~w)T (~v)〉c = c
2
f(µ) 1
(w−v)4 , and by repeated use of Ward identity
of conservation of energy momentum tensor we obtain
〈T¯ (~w)T (~v)〉c =− pic
6
f(µ)∂w∂w¯δ(~w − ~v) + pic
6
f(µ)(
w¯
ww¯ + 4
∂w¯ − w
ww¯ + 4
∂w)δ(~w − ~v)
+
pic
3
f(µ)
1
ww¯ + 4
δ(~w − ~v) (3.27)
where δ(~w − ~v) is the delta function with respect to the measure i
2
dv ∧ dv¯. 10 Plugging in
these two correlators and complete the integration, we finally get
f(µ) =
1√
1 + µc
24pir2
(3.28)
10Most of the time we only consider correlators at distinct points, but here it’s an integrated formula which
requires inclusion of contact terms.
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Now we compute three point correlators in S2. Using the trace relation
Θ(~z) = − µ
4pir2
(1 +
zz¯
4
)2(T (~z)T¯ (~z)−Θ(~z)2) (3.29)
we have
〈T (~ζ)Θ(~z)T¯ (~w)〉c = − µ
4pir2
(1 +
zz¯
4
)2〈T (~ζ)(T (~z)T¯ (~z)−Θ(~z)2)T¯ (~w)〉c
= − µ
4pir2
(1 +
zz¯
4
)2(〈T (~ζ)T (~z)〉c〈T¯ (~z)T¯ (~w)〉c − 2〈T (~ζ)Θ(~z)T¯ (~w)〉c〈Θ(~z)〉)
(3.30)
Plugging in 〈Θ(~z)〉 = 2pir2
µ
(1−√1 + µc
24pir2
) 1
(1+ zz¯
4
)2
obtained from (3.16), we find
〈T (~ζ)Θ(~z)T¯ (~w)〉c = − µ
4pir2
√
1 + µc
24pir2
(1 +
zz¯
4
)2〈T (~ζ)T (~z)〉c〈T¯ (~z)T¯ (~w)〉c
= − µc
2
16pir2
(1 +
µc
24pir2
)−
3
2 (1 +
zz¯
4
)2
1
(ζ − z)4(z¯− w¯)4 (3.31)
For T T¯ CFT in H2 we don’t know a field-theoretic way to determine the factor g(µ), but
a similar relation between two and three point correlators should hold by trace relation
〈T (~ζ)Θ(~z)T¯ (~w)〉c = − µ
4pir2
√
1− µc
24pir2
(1− zz¯
4
)2〈T (~ζ)T (~z)〉c〈T¯ (~z)T¯ (~w)〉c (3.32)
even though we don’t know them separately.
4 Correlators of energy-momentum tensor of Einstein gravity in
cutoff AdS3
In this section we compute correlators of energy-momentum tensor of Einstein gravity in cutoff
AdS3. In the holographic setup, the large c partition function of the T T¯ CFT living on the
cutoff surface as the boundary of the bulk gravity, as a functional of the boundary metric h,
is related to the on-shell action of the gravity by
logZ[h] = −Ion−shell[h] (4.1)
The action for the Euclidean Einstein gravity is
I = − 1
16piG
∫
M
dV (R +
2
l2
)− 1
8piG
∫
∂M
dσK +
1
8piG
∫
∂M
dσ(
1
l
+ . . .) (4.2)
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The first term is the Einstein-Hilbert action, the second term is the Gibbons-Hawking term
where K = hijKij is the trace of the extrinsic curvature Kij on the boundary surface, and the
third term is the counter term with other possible addition of local functions of the boundary
metric omitted. Taking a functional derivative of (4.1) with respect to the boundary metric,
we get one point correlator of energy-momentum tensor in T T¯ CFT on the left hand side, and
the Brown-York tensor on the right hand side
〈Tij〉 = TBY ij = 1
8piG
(Kij −Khij + 1
l
hij) + . . . (4.3)
which depends on the extrinsic curvature and the boundary metric. Multi-point connected
correlators of energy-momentum tensor can be computed by taking functional derivative of
the one point correlator with respect to the metric
〈Tij(~z)T kl(~w)〉c = − 2√
h(~w)
δ〈Tij(~z)〉
δhkl(~w)
〈Tij(~z)T kl(~w)Tmn(~v)〉c = (−2)
2√
h(~w)h(~v)
δ2〈Tij(~z)〉
δhkl(~w)δhmn(~v)
〈Tij(~ζ)T kl(~z)Tmn(~w)T pq(~v)〉c = (−2)
3√
h(~z)h(~w)h(~v)
δ2〈Tij(~ζ)〉
δhkl(~z)δhmn(~w)δhpq(~v)
. . . (4.4)
Therefore in order to compute gravity correlators of energy-momentum tensor, we have to
compute functional derivatives of the extrinsic curvature with respect to the boundary metric.
To this end, we solve the variation of the bulk metric in response to variation of the boundary
metric, then compute the extrinsic curvature from the bulk metric.
To begin with, we gauge-fix the metric to be in Gaussian normal coordinates by diffeo-
morphism, that is, the radial coordinate is the arclength parameter along the geodesic normal
to the cutoff surface. For a variation of the boundary metric δhij = fij where  is the
infinitesimal parameter, the bulk metric takes the form
ds2 = dρ2 + gij(~x, ρ)dx
idxj (4.5)
where
gij(~x, ρ) = g
(0)
ij (~x, ρ) + g
(1)
ij (~x, ρ) + 
2g
(2)
ij (~x, ρ) + 
3g
(3)
ij (~x, ρ) + . . . (4.6)
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Here ρ is the radial coordinate and xi’s are transverse coordinates. In this gauge there are
only three independent components of the metric. At the cutoff surface ρ = ρ0, the extrinsic
curvature is given by
Kij =
1
2
∂ρgij (4.7)
The Einstein’s equation for the AdS3 gravity is
11
Rµν +
2
l2
gµν = 0 (4.8)
It’s shown in the Appendix B that the Einstein’s equation for AdS3 can be decomposed into
three equations, the Gauss equation
K2 −KijKij = Rˆ + 2
l2
(4.9)
the Codazzi equation
∇ˆiKij − ∇ˆjK = 0 (4.10)
and the radial equation
∂ρKij − 1
2
gij∂ρK =
1
2
gijK
2 −KKij + 2KikKkj (4.11)
Solving these three equations order by order, we obtain the Brown York tensor order by order,
thus the correlators of energy-momentum tensor. In fact, the Einstein’s equation for AdS3
can be further simplified to partial differential equations in the transverse two dimensional
space, because the form of the radial dependence of the metric can be solved independently
from the boundary metric, following the spirit of [34]. Here we list the results of the gravity
correlators and compare them to the correlators in T T¯ CFT, leaving details of the computation
to Appendix C.
4.1 E2 as the cutoff surface
Pure AdS3 gravity with a cutoff y = y0 in the Poincare patch
ds2 = l2
dy2 + d~x2
y2
(4.12)
11Here we use Greek indices to include both the radial direction and the transverse direction.
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was proposed to be the holographic dual to T T¯ CFT in the cutoff Euclidean plane. In the
Appendix C, we computed one point correlators
〈Tij〉 = 0 (4.13)
two point correlators
〈T (~z)T (~w)〉 = 3l
4G
1
(z − w)4 (4.14)
three point correlators
〈T (~z)T¯ (~w)T¯ (~v)〉c = −3y
2
0l
G
(
1
(z − w)3(w¯ − v¯)5 + (w ↔ v))
〈T (~z)T (~w)T (~v)〉c = 3l
2G
1
(z − w)2(z − v)2(w − v)2
〈T (~z)Θ(~w)T¯ (~v)〉c = −9y
2
0l
4G
1
(z − w)4(w¯ − v¯)4 (4.15)
and four point correlators
〈T¯ (~ζ)Θ(~z)Θ(~w)T¯ (~v)〉c = 27y
4
0l
4G
(
1
(ζ¯ − z¯)4(z − w)4(w¯ − v¯)4 + (z ↔ w))
〈T (~ζ)Θ(~z)T¯ (~w)T¯ (~v)〉c = −9y
2
0l
2G
1
(ζ − z)4(z¯ − w¯)2(z¯ − v¯)2(w¯ − v¯)2
− 9y
4
0l
G
1
(ζ − z)5 (
1
(ζ¯ − w¯)3(z¯ − v¯)4 −
1
(z¯ − w¯)4(z¯ − v¯)3 + (w ↔ v)) (4.16)
After a rescaling of the coordinates z → y0
l
z z¯ → y0
l
z¯ to bring the metric in the plane
ds2 = l2 dzdz¯
y20
back to form ds2 = dzdz¯, we find the gravity correlators agree with the T T¯ CFT
correlators given the holographic dictionary
c =
3l
2G
µ = 16piGl (4.17)
4.2 S2 as the cutoff surface
Pure AdS3 gravity with a cutoff ρ = ρ0 in the patch
ds2 = l2(dρ2 + sinh2 ρ(dθ2 + sin2 θdφ2)) = l2(dρ2 + sinh2 ρ
dzdz¯
(1 + zz¯
4
)2
) (4.18)
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is proposed to be the holographic dual to T T¯ CFT in the cutoff sphere. We computed one
point correlator, which is just the Brown-York tensor
〈Tij〉 = 1
8piGl
(1− coth ρ0)gij (4.19)
two point correlators
〈T (~ζ)T (~z)〉c = 3l
4G coth ρ0
1
(ζ − z)4
〈T (~ζ)T¯ (~z)〉c = 0
〈T (~ζ)Θ(~z)〉c = 0
〈Θ(~ζ)Θ(~z)〉c = 0 (4.20)
and three point correlators
〈T (~ζ)Θ(~z)T¯ (~w)〉c = − 9l sinh ρ0
4G cosh3 ρ0
(1 +
zz¯
4
)2
1
(ζ − z)4(z¯− w¯)4
〈T (~ζ)T¯ (~z)T¯ (~w)〉c = 3l sinh ρ0
16G cosh3 ρ0
[
1
(z¯− w¯)5 (−
z¯w¯
ζ − z +
zz¯w¯ + 2(z¯ + w¯)
(ζ − z)2 −
(zz¯ + 4)(zw¯ + 4)
(ζ − z)3 )
+ (z↔ w)]
〈T¯ (~ζ)T¯ (~z)T¯ (~w)〉c = 3l(3 + tanh
2 ρ0) tanh ρ0
8G
1
(ζ¯ − z¯)2(z¯− w¯)2(w¯ − ζ¯)2 (4.21)
We find the gravity correlators agree with the T T¯ CFT correlators given the dictionary 12
c =
3l
2G
µ = 16piGl (4.22)
which takes the same form for T T¯ in a Euclidean plane. The sphere has its intrinsic scale r,
so the second line can also be replaced by
µc
24pir2
=
1
sinh2 ρ0
(4.23)
which relates T T¯ deformation parameter to the location of the bulk cutoff.
12We only compare correlators computed on both sides. We don’t know how to compute 〈T¯ (~ζ)T¯ (~z)T¯ (~w)〉c
for T T¯ CFT.
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5 Summary and discussion
In this article we have computed large c correlators of energy-momentum tensor for T T¯ CFT
in a Euclidean plane and a sphere using an operator identity version of the trace relation.
To examine the cutoff AdS holographic proposal by Mezei et al. [13], we have computed
correlators in pure Einstein gravity in AdS3 cut off by the Euclidean plane and the sphere,
and find agreement with the T T¯ CFT correlators given the same dictionary for the two cases
relating gravity parameters G, l to T T¯ CFT parameters c, µ. The cutoff AdS picture was
derived from first principle by Guica et al [29] as a pure gravity special case of more general
holographic description of AdS3 with mixed boundary condition, for T T¯ CFT in a Euclidean
plane in the large c limit. Our computation suggests a generalization of Guica’s derivation to
the case of a sphere. It’s also natural to consider correlators of other operators or add matter
fields to the bulk for the case of a sphere, and we will not be particularly surprised to see the
Dirichlet cutoff to yield to a more general boundary condition. For T T¯ CFT in a hyperbolic
space, a relation between two point and three point correlators is obtained from the trace
relation, leaving a field-theoretic computation of two point correlators to be desired.
Apart from holography, T T¯ CFT in a sphere in and beyond large c limit deserves further
study in its own right. T T¯ deformation in a Euclidean plane was shown to be an integrable
deformation, but the holographic proposal by Mezei et al., the work on entanglement entropy
in [14] and our computation of two point correlators seems to indicate that large c T T¯ flows
to trivial in a sphere. We expect T T¯ in a sphere to be qualitatively different from T T¯ in
a Euclidean plane in many ways. Further study on correlators and entanglement entropy
beyond large c limit will shed more light on this issue.
We have restricted our work to maximally symmetric spaces. The symmetry does not
only greatly reduces the complexity of the computation, but also provides an unambiguous
definition of the T T¯ operator. 13 Perhaps the most important open question is to generalize
T T¯ to generic curved spaces, which has been studied in [11][12] and some good results have
been given like a derivation of Guica’s mixed boundary condition and the large c sphere
partition function. It would be interesting to see how the new formalism works at the level of
correlators, of energy-momentum tensor and other operators, in and beyond large c limit.
13If a conserved symmetric energy-momentum tensor exists.
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A Maximally symmetric bi-tensor and CFT correlators of energy-
momentum tensor in S2 and H2
In this appendix we briefly discuss maximally symmetric bi-tensor and derive two point corre-
lators of energy-momentum tensor of CFT in S2 and H2, loosely following the notation in [10].
Roughly speaking, the direction along the geodesic connecting the two points is the only special
direction in the (co)tangent spaces of the two points. As a result, it was shown in [32] that the
natural basis for maximally symmetric bi-tensors based on two points ~w and ~v are the opera-
tors of parallel transport along the geodesic Iij′(~w,~v), the metric at each point gij(~w), gk′l′(~v)
and the unit tangent vectors to the geodesic at each point ni = ∂xiL(~w,~v), mi′ = ∂xi′L(~w,~v),
where L(~w,~v) denotes the geodesic length and the differentiations are with respect to the point
~w and ~v, respectively. 14 As is shown in [33], two point correlator of energy-momentum tensor
in a d-dimensional maximally symmetric space is a linear combination of five independent
bi-tensor structures with coefficients being functions of the geodesic length L
〈Tij(~w)Tk′l′(~v)〉c = A1(L)ninjmk′ml′
+ A2(L)(Iik′njml′ + Iil′njmk′ + Ijk′niml′ + Ijl′nimk′)
+ A3(L)(Iik′Ijl′ + Iil′Ijk′) + A4(L)(ninjgk′l′ + gijmk′ml′)
+ A5(L)gijgk′l′ (A.1)
This bi-tensor structure is further constrained by conservation of energy-momentum tensor
which by identities
∇inj = A(gij − ninj)
∇imj′ = C(Iij′ + nimj′)
∇iIjk′ = −(A+ C)(gijmk′ + Iik′nj) (A.2)
reduces to three equations
A
′
1 − 2A
′
2 + A
′
4 + (d− 1)(AA1 − 2(A+ C)A2) + 2(A− C)A2 + 2CA4 = 0
A
′
2 − A
′
3 + dAA3 + CA4 = 0
A
′
4 + A
′
5 + (d− 1)AA4 + 2CA2 − 2(A+ C)A3 = 0 (A.3)
14A word on notation, unprimed indices refer to (co)tangent space at ~w and primed indices refer to
(co)tangent space at ~v.
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where
A(L) = 1
r
cot
L
r
, C(L) = −1
r
csc
L
r
(A.4)
for sphere, and
A(L) = 1
r
coth
L
r
, C(L) = −1
r
csch
L
r
(A.5)
for hyperbolic space. In addition, the second, the third, the fourth and the fifth bi-tensor
structures are linearly dependent in two dimensional space, so we can set A4 = 0 in our cases
of S2 and H2. For undeformed CFT we assume the energy-momentum tensor is traceless
within connected correlators, as a result we get two additional constraints for the correlator
A1 − 4A2 = 0
A3 + A5 = 0 (A.6)
Combining (A.3) and (A.6), we get
A2 =
1
4
A1, A3 = −A5
1
2
A
′
1 + (A− C)A1 = 0
A
′
5 + 2(A+ C)A5 +
1
2
CA1 = 0 (A.7)
The solution for S2 is
A1 =
a1
sin4 L
2r
A5 = − a1
8 sin4 L
2r
+
b5
cos4 L
2r
A2 =
a1
4 sin4 L
2r
A3 =
a1
8 sin4 L
2r
− b5
cos4 L
2r
(A.8)
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and the solution for H2 is
A1 =
a1
sinh4 L
2r
A5 = − a1
8 sinh4 L
2r
+
b5
cosh4 L
2r
A2 =
a1
4 sinh4 L
2r
A3 =
a1
8 sinh4 L
2r
− b5
cosh4 L
2r
(A.9)
where a1 and b5 are two constants. Because the energy-momentum tensor is symmetric and
traceless within connected correlators, it’s natural to use the complex stereographic projection
coordinates for the sphere, in which the metric takes the form
ds2 =
r2dzdz¯
(1 + zz¯
4
)2
(A.10)
and complex Poincare disk coordinates for the hyperbolic space, in which the metric takes the
form
ds2 =
r2dzdz¯
(1− zz¯
4
)2
(A.11)
Explicit expressions of ingredients of the bi-tensor structure in these coordinate systems are
L(~w,~v) = r cos−1
ww¯vv¯ − 4ww¯ − 4vv¯ + 8wv¯ + 8w¯v + 16
(4 + ww¯)(4 + vv¯)
Izz′(~w,~v) = 0
Izz¯′(~w,~v) =
8r2(4 + w¯v)
(4 + ww¯)(4 + vv¯)(4 + wv¯)
Iz¯z′(~w,~v) =
8r2(4 + wv¯)
(4 + ww¯)(4 + vv¯)(4 + w¯v)
Iz¯z¯′(~w,~v) = 0 (A.12)
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for S2, and
L(~w,~v) = r cosh−1
ww¯vv¯ + 4ww¯ + 4vv¯ − 8wv¯ − 8w¯v + 16
(4− ww¯)(4− vv¯)
Izz′(~w,~v) = 0
Izz¯′(~w,~v) =
8r2(4− w¯v)
(4− ww¯)(4− vv¯)(4− wv¯)
Iz¯z′(~w,~v) =
8r2(4− wv¯)
(4− ww¯)(4− vv¯)(4− w¯v)
Iz¯z¯′(~w,~v) = 0 (A.13)
forH2. Plugging these quantities in A.1, we find the two point correlators of energy-momentum
tensor of CFT in S2 take the form
〈T (0)zz (~w)T (0)zz (~v)〉(0)c = a1r4
1
(w − v)4
〈T (0)zz (~w)T (0)z¯z¯ (~v)〉(0)c =
1
2
b5r
4 1
(1 + wv¯
4
)4
(A.14)
To have the correct flat limit, we must have a1 =
c
8pi2r4
and b5 = 0, that is
〈T (0)(~w)T (0)(~v)〉(0)c = c
2
1
(w − v)4
〈T (0)(~w)T¯ (0)(~v)〉(0)c = 0 (A.15)
Similarly for H2 we find
〈T (0)(~w)T (0)(~v)〉(0)c = c
2
1
(w − v)4
〈T (0)(~w)T¯ (0)(~v)〉(0)c = 0 (A.16)
B Geometry of hypersurfaces and Einstein’s equation in cutoff
AdS3
For self-containedness we offer a basic introduction to the geometry of hypersurface to derive
the equations used to compute correlators of energy-momentum tensor in Einstein gravity in
cutoff AdS3. A hypersurface Σ in a (Pseudo)Riemannian manifold M can be defined as the
zero set of a smooth function Σ = {p ∈M, f(p) = 0}. The canonical normal vector is defined
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by
ζ = (gµν∂νf)∂µ (B.1)
If ζ is a null vector, then it’s also a tangent vector of the hypersurface. If ζ is either spacelike
or timelike, the tangent space can be decomposed as the direct sum of the tangent space of
the hypersurface and the one-dimensional space N spanned by ζ, TpM = TpΣ
⊕
Np. In this
case we can also define the unit normal n = ζ√|g(ζ,ζ)| which is normalized to g(n, n) =  with
 = 1 for spacelike normal and  = −1 for timelike normal.
Now we consider the extrinsic geometry of the hypersurface. The operator of projection
to TpΣ, denoted simply by P , takes the form in the coordinate basis
P µν = δ
µ
ν − nµnν (B.2)
The first fundamental form is given by the induced metric
γ(X, Y ) = g(X, Y ) = PµνX
µY ν (B.3)
for X, Y ∈ TpΣ, where Pµν = gµρP ρν . The Weingarten map is defined as
L :TpΣ→ TpΣ (B.4)
X → ∇Xn
and the second fundamental form, also known as the extrinsic curvature, is given by
K(X, Y ) = γ(L(X), Y ) = g(∇Xn, Y ) = −g(n,∇XY ) = −g(n,∇YX + [X, Y ])
= −g(n,∇YX) = K(Y,X) (B.5)
for X, Y ∈ TΣ, with the assumption that the connection is Levi-Civita, that is metric com-
patible
∇Xg = 0 (B.6)
and torsion free
T (X, Y ) = ∇XY −∇YX − [X, Y ] = 0 (B.7)
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An alternative definition of the extrinsic curvature is given by
K(X, Y ) =
1
2
(Lng)(X, Y ) (B.8)
for X, Y ∈ TΣ. In fact we have
1
2
(Lng)(X, Y ) = 1
2
Ln(g(X, Y ))− 1
2
g(LnX, Y )− 1
2
g(X,LnY )
=
1
2
∇ng(X, Y )− 1
2
g([n,X], Y )− 1
2
g(X, [n, Y ])
=
1
2
g(∇nX − [n,X], Y ) + 1
2
g(X,∇nY − [n, Y ])
=
1
2
g(∇Xn, Y ) + 1
2
g(X,∇Y n) = K(X, Y ) (B.9)
To work out the extrinsic curvature in coordinate basis, we have to do projection onto TΣ
first
K(X, Y ) = g(L(PX), PY ) (B.10)
since the coordinate basis doesn’t all lie in TΣ. We find
Kµν = ∇µnν − nµnρ∇ρnν (B.11)
Now we study the relation between the intrinsic and extrinsic geometry of hypersurfaces.
A covariant derivative of a vector can be decomposed into a sum of the part in TpΣ and the
part in Np
∇XY = P∇XY + PN∇XY = P∇XY − K(X, Y )n (B.12)
For X, Y ∈ TΣ, we define the covariant derivative in the hypersurface as
∇ˆXY = P∇XY (B.13)
Because the projection operator P commutes with linear combination over C∞(M) and tensor
product, ∇ˆ is also a connection. Furthermore, for X, Y, Z ∈ TΣ
∇ˆXg(Y, Z) = ∇Xg(Y, Z) = g(∇XY, Z) + g(X,∇YZ) = g(∇ˆXY, Z) + g(X, ∇ˆYZ) (B.14)
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and
0 = ∇XY −∇YX − [X, Y ] = ∇ˆXY − K(X, Y )n− (∇ˆYX − K(Y,X)n)− [X, Y ] (B.15)
= ∇ˆXY − ∇ˆYX − [X, Y ]
so ∇ˆ is also Levi-Civita. Needless to say, it coincides with the unique Levi-Civita connection
we would have derived from the intrinsic geometry, namely the induced metric. It’s natural
to define the Riemann curvature tensor in the hypersurface
Rˆ(X, Y )Z = ∇ˆX∇ˆYZ − ∇ˆY ∇ˆXZ − ∇ˆ[X,Y ]Z (B.16)
By definition
R(X, Y )Z = ∇X∇YZ −∇Y∇XZ −∇[X,Y ]Z
= ∇X(∇ˆYZ − K(Y, Z)n)− (X ↔ Y )− ∇ˆ[X,Y ]Z + K([X, Y ], Z)n
= ∇ˆX∇ˆYZ − K(X, ∇ˆYZ)n− X(K(Y, Z))n− K(Y, Z)∇Xn
− (X ↔ Y )− ∇ˆ[X,Y ]Z + K([X, Y ], Z)n
= Rˆ(X, Y )Z − K(X, ∇ˆYZ)n− X(K(Y, Z))n− K(Y, Z)∇Xn
− (X ↔ Y ) + K([X, Y ], Z)n (B.17)
The decomposition of the equation above into TpΣ and Np gives us Gauss and Codazzi equa-
tion, respectively. For W ∈ TpΣ
g(R(X, Y )Z,W ) = g(Rˆ(X, Y )Z,W )− K(X,W )K(Y, Z) + K(X,Z)K(Y,W ) (B.18)
and
g(R(X, Y )Z, n) = −K(X, ∇ˆYZ)−X(K(Y, Z)) +K(Y, ∇ˆXZ) + Y (K(X,Z)) +K([X, Y ], Z)
= −(∇ˆXK)(Y, Z) +K(∇ˆXY, Z) + (∇ˆYK)(X,Z)−K(∇ˆYX,Z)
+K([X, Y ], Z)
= −(∇ˆXK)(Y, Z) + (∇ˆYK)(X,Z) (B.19)
Or in coordinate basis
Rˆρσµν = P
α
ρ P
β
σ P
γ
µP
δ
νRαβγδ + KµρKνσ − KµσKνρ
∇ˆµKνσ − ∇ˆνKµσ = −Pαµ P βν P γσRλγαβnλ (B.20)
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The Einstein’s equation for the AdSd+1 gravity takes the form
Rµν +
d
l2
gµν = 0 (B.21)
where l is the AdS radius. We choose a Gaussian normal coordinate patch in which the metric
takes the form
ds2 = dρ2 + gij(~x, ρ)dx
idxj (B.22)
By definition
K(X, Y ) =
1
2
(Lng)(X, Y ) = ng(X, Y )− g([n,X], Y )− g(X, [n, Y ]) (B.23)
Using n = ∂ρ and setting X = ∂i, Y = ∂j, we find a simple formula for the extrinsic curvature
in this coordinate system
Kij =
1
2
∂ρgij (B.24)
By a double contraction the Gauss equation is reduced to 15
K2 −KijKij = Rˆ + d(d− 1)
l2
(B.25)
By a single contraction the Codazzi equation is reduced to
∇ˆiKij − ∇ˆjK = 0 (B.26)
To derive the radial equation, we proceed as
Rρjρi =g(∂ρ, R(∂ρ, ∂i)∂j) = g(∂ρ,∇ρ∇i∂j −∇i∇ρ∂j)
= ∂ρ(g(∂ρ,∇i∂j))− g(∇ρ∂ρ,∇i∂j)− ∂i(g(∂ρ,∇j∂ρ)) + g(∇i∂ρ,∇j∂ρ)
= −∂ρKij + gklKikKjl (B.27)
where Rρjρi is computed to be Rρjρi = R
ρ
iρj = Rij − Rkikj = − dl2 gij − Rkikj. By a single
contraction over roman indices of the Gauss equation we have Rkikj = Rˆij −KKij + KikKkj ,
so finally we obtain
∂ρKij = Rˆij −KKij + 2KikKkj +
d
l2
gij (B.28)
15In all of our cases the normal of the cutoff surface is spacelike, so =1.
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Using the fact that Rˆij =
Rˆ
2
gij in two dimensional space, we eliminate Rˆij to get a radial
equation more practical for computation
∂ρKij − 1
2
gij∂ρK =
1
2
gijK
2 −KKij + 2KikKkj (B.29)
We use these three equations (B.25)(B.26)(B.29), the same set of equations used in [26],
to compute gravity correlators. However further simplifications are possible. Following the
spirit of [34], we can fix the radial dependence of the bulk metric and reduce the Einstein’s
equation to partial differential equations in the two dimensional transverse space. For three
dimensional space, the Einstein’s equation (B.21) fixes the metric to be locally AdS
Rρσµν = −(gµρgνσ − gµσgνρ) (B.30)
We set l = 1 for simplicity here and from now on in the appendix. Using (B.24), the radial
equation now reads
−gij + 1
2
g
′′
ij −
1
4
g
′
ikg
klg
′
jl = 0 (B.31)
where “′” denotes derivative with respect to ρ. It’s straightforward to verify, by changing to
Fefferman-Graham coordinates ρ˜ = e−2ρ that the radial equation and the uncontracted Gauss
and Codazzi equation become Equation (7),(8) and (9) in [34]. The radial equation can be
integrated to give
g =
1
ρ˜
g(0) + g(2) +
1
4
ρ˜g(2)g
−1
(0)g(2) (B.32)
so these three equations are further reduced to Equation (15) in [34] as partial differential
equations in the two dimensional transverse space. In the standard context of AdS/CFT,
g(0) as the metric on the conformal boundary is given, we solve for g(2) to compute various
holographic physics quantities as we study holographic Weyl anomaly, holographic renormal-
ization etc. [35][36]. In our context of cutoff AdS/T T¯ CFT, we fix the metric at a finite cutoff
surface as a combination of g(0) and g(2) , still three equations for three independent variables.
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C Perturbative solutions to Einstein gravity in cutoff AdS3 and
correlators of energy-momentum tensor
When the cutoff surface is the two dimensional Euclidean plane E2, it’s natural to use Poincare
patch for AdS3
ds2 =
dy2 + d~x2
y2
(C.1)
with the cutoff surface at y = y0. Consider a variation of the boundary metric
hij(~x) =
ηij
y20
+ fij(~x) (C.2)
where η is the flat metric, which takes the form ηij = δij in the Cartesian coordinates and
ηzz¯ = ηz¯z =
1
2
ηzz = ηz¯z¯ = 0 in the complex coordinates. In response to the boundary
perturbation, the bulk metric now takes the form
ds2 =
dy2
y2
+ gij(y, ~x)dx
idxj (C.3)
where
gij(y, ~x) =
ηij
y2
+ g
(1)
ij (y, ~x) + 
2g
(2)
ij (y, ~x) + . . . (C.4)
subject to the boundary condition
g
(1)
ij (y0, ~x) = fij(~x), g
(2)
ij (y0, ~x) = 0 . . . (C.5)
Now we work out gij(y, ~x) order by order by solving the Einstein’s equation. We will give
explicit formula for computation to the second order, while computation to the third order
and higher is too complicated to give explicit and complete expression. 16 The inverse of the
metric is computed to be
gij = y2ηij − y4ηikηjlg(1)kl + 2y6ηikηmnηljg(1)kmg(1)nl − 2y4ηikηjlg(2)kl + . . . (C.6)
and the extrinsic curvature is computed to be
Kij =
1
2
(−y∂y)gij = 1
y2
ηij − 1
2
y∂yg
(1)
ij −
1
2
2y∂yg
(2)
ij + . . .
= gij − (g(1)ij +
1
2
y∂yg
(1)
ij )− 2(g(2)ij +
1
2
y∂yg
(2)
ij ) + . . . (C.7)
16The computation is mainly done by Mathematica
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Furthermore we have
K = gijKij =2− y2g(1)ij ηij −
1
2
y3∂yg
(1)
ij η
ij + 2y4g
(1)
i jη
jkg
(1)
kl η
li +
1
2
2y5∂yg
(1)
i jη
jkg
(1)
kl η
li
− 2y2g(2)ij ηij −
1
2
2y3∂yg
(2)
ij η
ij + . . . (C.8)
Plugging these quantities into the radial equation (B.29), to order O() we have the equation
for g(1)
(y∂y +
1
2
y∂yy∂y)(g
(1)
ij −
1
2
ηijη
klg
(1)
kl ) = 0 (C.9)
and to order O(2) we have the equation for g(2)
(y∂y +
1
2
y∂yy∂y)(g
(2)
ij −
1
2
ηijη
klg
(2)
kl )
− 1
4
g
(1)
ij tr(y
3∂yy∂yg
(1)η−1) +
1
4
ηijtr(y
3∂yy∂yg
(1)η−1g(1)η−1)− 1
8
y2ηij(tr(y∂yg
(1)η−1))2
+
1
4
ηijtr(y
3∂yg
(1)η−1y∂yg(1)η−1) +
1
4
y3∂yg
(1)
ij tr(y∂yg
(1)η−1)− 1
2
y3∂yg
(1)
ik η
klg
(1)
lj
+
1
2
y3∂yg
(1)
ij tr(g
(1)η−1)− y3∂y(g(1)ik ηklg(1)lj ) +
3
2
ηijtr(y
3∂yg
(1)η−1g(1)η−1)− 1
2
ηijtr(y
3∂yg
(1)η−1)tr(g(1)η−1)
+ y2g
(1)
ij tr(g
(1)η−1)− 2y2g(1)ik ηklg(1)lj + y2ηijtr(g(1)η−1g(1)η−1)−
1
2
y2ηij(tr(g
(1)η−1))2 = 0
(C.10)
Similarly the Codazzi equation (B.26) yields an O() equation
−ηik∂k(g(1)ij +
1
2
y∂yg
(1)
ij ) + ∂j(g
(1)
ik η
ik +
1
2
y∂yg
(1)
ik η
ik) = 0 (C.11)
and an O(2) equation
− ηik∂k(g(2)ij +
1
2
y∂yg
(2)
ij ) + ∂j(g
(2)
ik η
ik +
1
2
y∂yg
(2)
ik η
ik)
+ y4ηimg(1)mnη
nk∂k(1 +
1
2
y∂y)g
(1)
ij +
1
2
y4ηikηlm[(∂kg
(1)
mi + ∂ig
(1)
km − ∂mg(1)ki )(1 +
1
2
y∂y)g
(1)
jl − (i↔ j)]
− ∂j(y4tr(g(1)η−1g(1)η−1) + 1
2
tr(y5∂yg
(1)η−1g(1)η−1)) = 0 (C.12)
Finally the Gauss equation (B.25) gives us to O()
(2y2 + y3∂y)g
(1)
ij η
ij + y4(ηimηjk − ηijηkm)∂2ijg(1)km = 0 (C.13)
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and to O(2)
(2y2 + y3∂y)g
(2)
ij η
ij + y4(ηimηjk − ηijηkm)∂2ijg(2)km
− 1
4
(tr(y3∂yg
(1)η−1))2 +
1
4
y4tr(y∂yg
(1)η−1y∂yg(1)η−1)− y6tr(g(1)η−1)(ηimηjk − ηijηkm)∂2ijg(1)km
+
1
4
y6(−4ηijηlmηkn + 4ηijηklηmn + 3ηilηjmηkn − 2ηimηklηjn − ηilηjkηmn)∂ig(1)jk ∂lg(1)mn
− tr(y5∂yg(1)η−1)tr(g(1)η−1)− y4tr(g(1)η−1g(1)η−1)− y4(tr(g(1)η−1))2 = 0 (C.14)
Now we solve for g(1) to compute two point correlators of energy-momentum tensor. From
(C.9) we see the traceless part of g
(1)
ij is a linear combination of a constant and a polynomial
of degree minus two in y, so g(1) takes the form
g
(1)
ij (y, ~x) = Aij(~x) +
Bij(~x)
y2
+
1
2
C(y, ~x)ηij (C.15)
where Bij is subject to the constraint η
ijBij = 0, or Bzz¯ = Bz¯z = 0 in complex coordinates,
as well as Aij. Plugging this expression into the Codazzi equation (C.11) we get
∂j(1 +
1
2
y∂y)C(y, ~x) = 2η
ik∂kAij(~x) (C.16)
Therefore we have
(1 +
1
2
y∂y)C(y, ~x) = 2
∫
ηik∂kAij(~x)dx
j = 4
∫
∂z¯Azz(z, z¯)dz + ∂zAz¯z¯(z, z¯)dz¯ (C.17)
with the integrability condition
mj∂mη
ik∂kAij = 4i(∂
2
z¯Azz − ∂2zAz¯z¯) = 0 (C.18)
So the trace part takes the form
C(y, ~x) =
D(~x)
y2
+ 4
∫
∂z¯Azz(z, z¯)dz + ∂zAz¯z¯(z, z¯)dz¯ (C.19)
where
∫
∂z¯Azz(z, z¯)dz + ∂zAz¯z¯(z, z¯)dz¯ represents the primitive function whose partial deriva-
tives with respect to z and z¯ are ∂z¯Azz(z, z¯) and ∂zAz¯z¯(z, z¯), respectively. Next by plugging
(C.15) into the Gauss equation (C.13), we get
(2 + y∂y)C(y, ~x) = y
2(ηijηkl − ηilηjk)∂2ijAkl(~x) + (ηijηkl − ηilηjk)∂2ijBkl(~x) +
1
2
y2~xC(y, ~x)
(C.20)
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where ~x = ηij∂2ij = 4∂z∂z¯ is the Laplacian in the two dimensional Euclidean space. With
(C.19) plugged in, the equation reduces to
8
∫
∂z¯Azzdz + ∂zAz¯z¯dz¯ + 4(∂
2
z¯Bzz + ∂
2
zBz¯z¯)−
1
2
~xD = 0 (C.21)
or
∂z∂z¯D − 2(∂2z¯Bzz + ∂2zBz¯z¯) = 4
∫
∂z¯Azzdz + ∂zAz¯z¯dz¯ (C.22)
The connected two point correlator of energy-momentum tensor is given by
〈Tij(~z)T kl(~w) >c= − 2√
h(~w)
δ〈Tij(~z)〉
δhkl(~w)
= − 2√
h(~w)
1
8piG
(
δKij(~z)
δhkl(~w)
− δKmn(~z)
δhkl(~w)
hmn(~z)hij(~z))
(C.23)
where hij(~x) =
ηij
y20
+fij(~x) =
ηij
y20
+(Aij(~x)+
Bij(~x)
y20
+1
2
(D(~x)
y20
+4
∫
∂z¯Azz(z, z¯)dz+∂zAz¯z¯(z, z¯)dz¯)ηij)
is the boundary metric. We have the boundary condition
fzz = Azz +
Bzz
y20
, fz¯z¯ = Az¯z¯ +
Bz¯z¯
y20
fzz¯ =
D
4y20
+
∫
∂z¯Azzdz + ∂zAz¯z¯dz¯ (C.24)
Eliminating Bij and D in favor of fij and Aij, the main equation (C.22) takes the form
y20(∂
2
z¯fzz + ∂
2
zfz¯z¯ − 2∂z∂z¯fzz¯) = −2
∫
(∂z¯Azzdz + ∂zAz¯z¯dz¯) (C.25)
that is
∂z¯Azz = −y
2
0
2
(∂3zfz¯z¯ + ∂z∂
2
z¯fzz − 2∂2z∂z¯fzz¯)
∂zAz¯z¯ = −y
2
0
2
(∂z¯∂
2
zfz¯z¯ + ∂
3
z¯fzz − 2∂z∂2z¯fzz¯) (C.26)
Using the formula 1
pi
∂z¯
1
z
= 1
pi
∂z¯
1
z
= δ(2)(~z), the solution to this propagation equation (C.26) is
Azz(~w) = − y
2
0
2pi
∫
d2v
1
w − v (∂
3
vfv¯v¯ + ∂v∂
2
v¯fzz − 2∂2v∂v¯fzz¯)(~v)
=
3y20
pi
∫
d2v
fz¯z¯(~v)
(w − v)4 −
y20
2
∂w∂w¯fzz(~w) + y
2
0∂
2
wfzz¯(~w)
Az¯z¯(~w) = − y
2
0
2pi
∫
d2v
1
w¯ − v¯ (∂
2
v∂v¯fv¯v¯ + ∂
3
v¯fzz − 2∂v∂2v¯fzz¯)(~v)
=
3y20
pi
∫
d2v
fzz(~v)
(w¯ − v¯)4 −
y20
2
∂w∂w¯fz¯z¯(~w) + y
2
0∂
2
w¯fzz¯(~w) (C.27)
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where d2v is shorthand for i
2
dv ∧ dv¯. Therefore the variation of the bulk metric in response
to the variation of the boundary metric to the first order is
g
(1)
ij = Aij +
Bij
y2
+
1
2
(
D
y2
+ E)ηij
Azz(~w) =
3y20
pi
∫
d2v
fz¯z¯(~v)
(w − v)4 −
y20
2
∂w∂w¯fzz(~w) + y
2
0∂
2
wfzz¯(~w)
Az¯z¯(~w) =
3y20
pi
∫
d2v
fzz(~v)
(w¯ − v¯)4 −
y20
2
∂w∂w¯fz¯z¯(~w) + y
2
0∂
2
w¯fzz¯(~w)
Bzz(~w) = −3y
4
0
pi
∫
d2v
fz¯z¯(~v)
(w − v)4 + y
2
0fzz(~w) +
y40
2
∂w∂w¯fzz(~w)− y40∂2wfzz¯(~w)
Bz¯z¯(~w) = −3y
4
0
pi
∫
d2v
fzz(~v)
(w¯ − v¯)4 + y
2
0fz¯z¯(~w) +
y40
2
∂w∂w¯fz¯z¯(~w)− y40∂2w¯fzz¯(~w)
D = 4y20fzz¯ + 2y
4
0(∂
2
z¯fzz + ∂
2
zfz¯z¯ − 2∂z∂z¯fzz¯)
E = −2y20(∂2z¯fzz + ∂2zfz¯z¯ − 2∂z∂z¯fzz¯) (C.28)
The first order perturbation theory is enough to compute two point correlators of energy-
momentum tensor. The variation of the extrinsic curvature takes the form
δKij = δgij − (1 + 1
2
y∂y)g
(1)
ij = δgij − Aij − 2ηij
∫
(∂z¯Azzdz + ∂zAz¯z¯dz¯) (C.29)
Plugging into (C.23) we get
〈Tij(~z)T kl(~w)〉c = 1
4piG
√
h(~w)
(
δAij(~z)
δfkl(~w)
− δAmn(~z)
δfkl(~w)
ηmnηij) (C.30)
Using (C.28) we find
〈Tzz(~z)Tzz(~w)〉c = 3
16pi2G
1
(z − w)4
〈Tz¯z¯(~z)Tz¯z¯(~w)〉c = 3
16pi2G
1
(z¯ − w¯)4 (C.31)
with other two point correlators being zero. Because one point correlators are all zero, a
connected two point correlators is equal to the two point correlator. Comparing with the
standard CFT result
〈T (~z)T (~w)〉 = c
2
1
(z − w)4
〈T¯ (~z)T¯ (~w)〉 = c
2
1
(z¯ − w¯)4 (C.32)
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we get the Brown-Henneaux central charge relation
c =
3l
2G
(C.33)
where we restored the AdS radius l that was previously set to one in our computation.
To compute three point correlators we need to obtain the bulk metric to the second order.
Plugging the expression of g(1) into the radial equation (C.10) we obtain
(y∂y +
1
2
y∂yy∂y)(g
(2)
ij −
1
2
ηijη
klg
(2)
kl ) = y
2EAij (C.34)
So g(2) takes the form
g
(2)
ij (y, ~x) = Gij(~x) +
Hij(~x)
y2
+
1
4
y2E(~x)Aij(~x) +
1
2
F (y, ~x)ηij (C.35)
with ηijGij = η
ijHij = 0. Plugging this expression into the Codazzi equation (C.12) we get
∂z(1 +
1
2
y∂y)F = 4∂z¯Gzz + Pz + y
2Qz
∂z¯(1 +
1
2
y∂y)F = 4∂zGz¯z¯ + Pz¯ + y
2Qz¯ (C.36)
where
Pz = 8∂zAz¯z¯Bzz + 4Az¯z¯∂zBzz − 4Azz∂zBz¯z¯ − 2D∂z¯Azz − 2∂z¯(EBzz) + 1
2
∂z(DE)
Pz¯ = 8∂z¯AzzBz¯z¯ + 4Azz∂z¯Bz¯z¯ − 4Az¯z¯∂z¯Bzz − 2D∂zAz¯z¯ − 2∂z(EBz¯z¯) + 1
2
∂z¯(DE)
Qz = 4∂z(AzzAz¯z¯)− 2E∂z¯Azz + 1
2
∂z(E
2)
Qz¯ = 4∂z¯(AzzAz¯z¯)− 2E∂zAz¯z¯ + 1
2
∂z¯(E
2) (C.37)
Therefore we have
(1 +
1
2
y∂y)F =
∫
(4∂z¯Gzz + Pz)dz + (4∂zGz¯z¯ + Pz¯)dz¯ + y
2
∫
Qzdz +Qz¯dz¯ (C.38)
with the integrability condition
4∂2z¯Gzz + ∂z¯Pz = 4∂
2
zGz¯z¯ + ∂zPz¯
∂z¯Qz = ∂zQz¯ (C.39)
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The first is an equation for g(2) and the second, which only involves g(1), holds for the solution
(C.28) of g(1). Now we get the trace part of g(2)
F (y, ~x) =
I(~x)
y2
+
∫
(4∂z¯Gzz + Pz)dz + (4∂zGz¯z¯ + Pz¯)dz¯ +
1
2
y2
∫
Qzdz +Qz¯dz¯ (C.40)
Plugging (C.35) into the Gauss equation (C.14), we find
− (2 + y∂y)F − 4y2(∂2z¯Gzz + ∂2zGz¯z¯)− 4(∂2z¯Hzz + ∂2zHz¯z¯)− y4(∂2z¯ (EAzz) + ∂2z (EAz¯z¯)) + 2y2∂z∂z¯F
+ y4R + y2S +W = 0 (C.41)
where
R =4∂zAz¯z¯∂z¯Azz − 4∂z¯Az¯z¯∂zAzz + 4E∂2zAz¯z¯ + 4E∂2z¯Azz + 2∂zE∂zAz¯z¯ + 2∂z¯E∂z¯Azz
− ∂zE∂z¯E − 2E∂z∂z¯E
=
1
4
∂z¯E∂zE − 4∂z¯Az¯z¯∂zAzz
S =4∂zAz¯z¯∂z¯Bzz − 4∂z¯Az¯z¯∂zBzz − 4∂zAzz∂z¯Bz¯z¯ + 4∂z¯Azz∂zBz¯z¯ + 8AzzAz¯z¯ + 2∂zD∂zAz¯z¯ + 2∂z¯D∂z¯Azz
+ 4D∂2z¯Azz + 4D∂
2
zAz¯z¯ + 2∂zE∂zBz¯z¯ + 2∂z¯E∂z¯Bzz + 4E∂
2
zBz¯z¯ + 4E∂
2
z¯Bzz
− ∂zD∂z¯E − ∂z¯D∂zE − 2E∂z∂z¯D +−2D∂z∂z¯E + 3
2
E2
W =8Az¯z¯Bzz + 8AzzBz¯z¯ + 4∂zBz¯z¯∂z¯Bzz − 4∂z¯Bz¯z¯∂zBzz + 2∂zBz¯z¯∂zD + 2∂z¯Bzz∂z¯D
+ 4D∂2zBz¯z¯ + 4D∂
2
z¯Bzz − ∂zD∂z¯D − 2D∂z∂z¯D +DE (C.42)
Substituting (C.40) into the equation above, we obtain
− ∂2z (EAz¯z¯)− ∂2z¯ (EAzz) +
1
2
(∂z¯Qz + ∂zQz¯) +R = 0
− 2
∫
Qzdz +Qz¯dz¯ + ∂z¯Pz + ∂zPz¯ + S = 0
− 2
∫
(4∂z¯Gzz + Pz)dz + (4∂zGz¯z¯ + Pz¯)dz¯ − 4(∂2zHz¯z¯ + ∂2z¯Hzz) + 2∂z∂z¯I +W = 0 (C.43)
It’s straightforward to verify the first two equations hold for the solution of g(1), while the last
one, together with the boundary condition g
(2)
ij |y=y0 = 0, reduces to two equations for g(2)
4∂z¯Gzz + Pz = ∂z(
y40
2
R− y
2
0
2
(∂z¯Pz + ∂zPz¯) +
1
2
W )
4∂zGz¯z¯ + Pz¯ = ∂z¯(
y40
2
R− y
2
0
2
(∂z¯Pz + ∂zPz¯) +
1
2
W ) (C.44)
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Therefore the solution for g(2) can be written as
g
(2)
ij = Gij +
Hij
y2
+
y2
4
EAij +
1
2
Fηij
Gzz(~w) =
1
4pi
∫
d2v
1
w − v [∂z(
y40
2
R− y
2
0
2
(∂z¯Pz + ∂zPz¯) +
1
2
W )− Pz](~v)
Gz¯z¯(~w) =
1
4pi
∫
d2v
1
w¯ − v¯ [∂z¯(
y40
2
R− y
2
0
2
(∂z¯Pz + ∂zPz¯) +
1
2
W )− Pz¯](~v)
Hzz = −y20Gzz −
1
4
y40EAzz
Hz¯z¯ = −y20Gz¯z¯ −
1
4
y40EAz¯z¯
F = (1− y
2
0
y2
)(
y40
2
R− y
2
0
2
(∂z¯Pz + ∂zPz¯) +
1
2
W ) +
1
2
(y2 − y
4
0
y2
)(4AzzAz¯z¯ +
1
4
E2) (C.45)
We now use the solution of g(2) and the formula
〈Tij(~z)T kl(~w)Tmn(~v)〉c = (−2)
2√
h(~w)h(~v)
δ2〈Tij(~z)〉
δhkl(~w)δhmn(~v)
=
(−2)2√
h(~w)h(~v)
1
8piG
(
δ2Kij(~z)
δhkl(~w)δhmn(~v)
− hij(~z)hpq(~z) δ
2Kpq(~z)
δhkl(~w)δhmn(~v)
)
(C.46)
to compute three point correlators, where the extrinsic curvature is given by
Kij =
ηij
y2
− 1
2
y∂yg
(1)
ij −
1
2
2y∂yg
(2)
ij = gij − (1 +
1
2
y∂y)g
(1)
ij − 2(1 +
1
2
y∂y)g
(2)
ij (C.47)
To compute 〈T (z)T¯ (w)T¯ (v)〉, we only turn on fzz while keeping other components of the
variation of boundary metric zero for computational simplicity, and we find from (C.45)
Gzz(~z) =
12y60
pi2
∫
d2w
∫
d2v
1
(z − w)3(w¯ − v¯)5fzz(~w)fzz(~v) + . . . (C.48)
where we only show terms of the form of double integral of two f ’s which contribute to the
three point correlator. Substituting it into the equation (C.46), we get
〈Tzz(~z)T zz(~w)T zz(~v)〉c = −6y
10
0
pi3G
(
1
(z − w)3(w¯ − v¯)5 + (w ↔ v)) (C.49)
or
〈Tzz(~z)Tz¯z¯(~w)Tz¯z¯(~v)〉c = − 3y
2
0
8pi3G
(
1
(z − w)3(w¯ − v¯)5 + (w ↔ v)) (C.50)
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or in the more usual normalization
〈T (~z)T¯ (~w)T¯ (~v)〉c = −3y
2
0
G
(
1
(z − w)3(w¯ − v¯)5 + (w ↔ v)) (C.51)
Completing computation of other three point correlators in a similar way, we list all non-
vanishing and independent three point correlators here
〈T (~z)T¯ (~w)T¯ (~v)〉c = −3y
2
0
G
(
1
(z − w)3(w¯ − v¯)5 + (w ↔ v))
〈T (~z)T (~w)T (~v)〉c = 3
2G
1
(z − w)2(z − v)2(w − v)2
〈T (~z)Θ(~w)T¯ (~v)〉c = −9y
2
0
4G
1
(z − w)4(w¯ − v¯)4 (C.52)
To compute four point correlators we need to work out the variation of bulk metric to the
third order
gij(y, ~x) =
ηij
y2
+ g
(1)
ij (y, ~x) + 
2g
(2)
ij (y, ~x) + 
3g
(3)
ij (y, ~x) + . . . (C.53)
Computing with assistance of Mathematica, we find the radial equation for g(3)
(y∂y +
1
2
y∂yy∂y)(g
(3)
ij −
1
2
ηijη
klg
(3)
kl ) + y
2Lij(~x) = 0 (C.54)
where Lij, as a function of g
(1) and g(2), is traceless. Explicit expressions of Lij and other
quantities in the third order perturbation are too long to be written down here. From the
radial equation we have
g(3)(y, ~x) = Jij(~x) +
Kij(~x)
y2
− 1
4
y2Lij(~x) +
1
2
N(y, ~x)ηij (C.55)
where ηijJij = 0, η
ijKij = 0. Furthermore we find the Codazzi equation to take the form
∂z(1 +
1
2
y∂y)N = 4∂z¯Jzz − 2Πz − 2y2∂z¯Lzz − 2y2Θz
∂z¯(1 +
1
2
y∂y)N = 4∂zJz¯z¯ − 2Πz¯ − 2y2∂zLz¯z¯ − 2y2Θz¯ (C.56)
where Πz,Πz¯,Θz,Θz¯ are functions of g
(1) and g(2). So the trace part of g(3) takes the form
N(y, ~x) =
O(~x)
y2
+
∫
(4∂z¯Jzz − 2Πz)dz + (4∂zJz¯z¯ − 2Πz¯)dz¯
− y2
∫
(∂z¯Lzz + Θz)dz + (∂zLz¯z¯ + Θz¯)dz¯ (C.57)
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Finally, the Gauss equation for g(3) reads
− 2
∫
(4∂z¯Jzz − 2Πz)dz + (4∂zJz¯z¯ − 2Πz¯)dz¯ + 4y2
∫
(∂z¯Lzz + Θz)dz + (∂zLz¯z¯ + Θz¯)dz¯
+ 2∂z∂z¯O − 2y2(∂z¯Πz + ∂zΠz¯)− y4(∂z¯Θz + ∂zΘz¯)− 4(∂2z¯Kzz + ∂2zKz¯z¯)
+ y6X + y4Y + y2Z + Ω = 0 (C.58)
where X, Y, Z,Ω are functions of g(1) and g(2). By counting the powers in y, this equation
reduces to four equations, three being consistency equations satisfied by the solution of g(1)
and g(2), and one being the propagation equation
−2
∫
(4∂z¯Jzz − 2Πz)dz + (4∂zJz¯z¯ − 2Πz¯)dz¯ + 2∂z∂z¯O − 4(∂2z¯Kzz + ∂2zKz¯z¯) + Ω = 0 (C.59)
which reduces to two equations
4∂z¯Jzz − 2Πz = ∂z(y
4
0
2
Y + y20(∂z¯Πz + ∂zΠz¯) +
1
2
Ω)
4∂zJz¯z¯ − 2Πz¯ = ∂z¯(y
4
0
2
Y + y20(∂z¯Πz + ∂zΠz¯) +
1
2
Ω) (C.60)
by substituting in the relation
O = −y20
∫
(4∂z¯Jzz − 2Πz)dz + (4∂zJz¯z¯ − 2Πz¯)dz¯ + y40
∫
(∂z¯Lzz + Θz)dz + (∂zLz¯z¯ + Θz¯)dz¯
Kzz = −y20Jzz +
y40
4
Lzz
Kz¯z¯ = −y20Jz¯z¯ +
y40
4
Lz¯z¯ (C.61)
imposed by the boundary condition g(3)(y0, ~x) = 0. The solution to the propagation equation
(C.60) takes the form
Jzz(~w) =
1
4pi
∫
d2v
1
w − v (∂z(
y40
2
Y + y20(∂z¯Πz + ∂zΠz¯) +
1
2
Ω) + 2Πz)(~v)
Jz¯z¯(~w) =
1
4pi
∫
d2v
1
w¯ − v¯ (∂z¯(
y40
2
Y + y20(∂z¯Πz + ∂zΠz¯) +
1
2
Ω) + 2Πz¯)(~v) (C.62)
Using the equation
〈Tij(~ζ)T kl(~z)Tmn(~w)T pq(~v)〉c = (−2)
3√
h(~z)h(~w)h(~v)
δ2〈Tij(~ζ)〉
δhkl(~z)δhmn(~w)δhpq(~v)
=
(−2)3√
h(~z)h(~w)h(~v)
1
8piG
(
δ3Kij(~ζ)
δhkl(~z)δhmn(~w)δhpq(~v)
− hij(~ζ)hrs(~ζ) δ
3Krs(~ζ)
δhkl(~z)δhmn(~w)δhpq(~v)
)
(C.63)
36
we find
〈T¯ (~ζ)Θ(~z)Θ(~w)T¯ (~v)〉c = 27y
4
0
4G
(
1
(ζ¯ − z¯)4(z − w)4(w¯ − v¯)4 + (z ↔ w))
〈T (~ζ)Θ(~z)T¯ (~w)T¯ (~v)〉c = −9y
2
0
2G
1
(ζ − z)4(z¯ − w¯)2(z¯ − v¯)2(w¯ − v¯)2
− 9y
4
0
G
1
(ζ − z)5 (
1
(ζ¯ − w¯)3(z¯ − v¯)4 −
1
(z¯ − w¯)4(z¯ − v¯)3 + (w ↔ v)) (C.64)
Computation for the case of a spherical cutoff surface is similar.
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